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(54) PROCESS FOR CONTINUOUSLY PRODUCING POLYESTERS 



(57) A method for continuously producing a polyes- 
ter by continuously melt-polymerizing a raw material 
consisting of a dicarboxylic acid component composed 
of mainly an aromatic dicarboxylic acid and containing 
an aiicyclic dicarboxylic acid or an aliphatic dicarboxylic 
acid, or their ester-forming derivatives with a diol com- 
ponent, characterized in that said did component as a 



distillate in the polycondensation reaction, including an 
adhering material, is condensed, said adhering material 
is separated centrifugal!* and then the residual diol 
component after distillation, is supplied to an esterif ica- 
tion reaction or an ester interchange reaction. 
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Description 

Technical Field 

[0001 ] The present invention relates to a method for a s 
continuous production of a polyester by melt-polymeriz- 
ing a raw material consisting of a dicarboxylic acid com- 
ponent composed of mainly an aromatic dicarboxylic 
acid and containing an alicyclic dicarboxylic acid or an 
aliphatic dicaiboxyiic acid, or their ester-forming deriva- io 
tives with a diol component 

Background Arts 

[0002] "Polyesters" represented by a polyethylene is 
terephthalate, a polybutylene terephthalate or a polyeth- 
ylene naphthalate, are widely used for various uses, 
since they have excellent physical and chemical proper- 
ties. And as for the uses, the polyesters are widely used 
not only as fibers for clothings and industrial fibers such 20 
as a tire cord by utilizing their excellent mechanical 
characteristics such as a strength and a modulus of 
elasticity, heat resistant characteristics, etc., but also as 
a film processed as a plane and a molded engineering- 
plastic product processed three dimensionally. 
[0003] In general, the polyesters used in such various 
uses, are produced by a direct polymerization method 
or an ester interchange method. Here, firstly, the former 
direct polymerization method is described. In this 
method, a polyester precursor is produced by perform- 
ing a direct esterification reaction of a dicarboxylic acid 
component composed of mainly an aromatic dicarboxy- 
lic acid and containing an alicyclic dicarboxylic acid or 
an aliphatic dicarboxylic acid, or their ester-forming 
derivatives with a diol component* and then performing 
a polycondensation of the above polyester precursor 
under an atmospheric pressure or a reduced pressure. 
While, in the later ester interchange method, a lower 
alkyl ester of the acid component with the diol compo- 
nent are subject to the ester interchange reaction to 
form another polyester precursor, and then a poly- 
condensation reaction of the precursor is performed 
under the atmospheric pressure or the reduced pres- 
sure. 

[0004] As to the above polyester polymerizations, con- 
ventionally, a batch-wise method is largely used, but in 
order to produce the polyesters at a low cost and to take 
an advantage of a scale merit, a shift to a continuous 
process has been promoted, and merits for adopting the 
continuous process such as improvements in the yield 
and quality of the product, a uniform quality, an improve- 
ment in operational efficiency, a reduction in production 
cost, etc.. are extremely high. 
[0005] In general, most of the continuous production 
methods of the polyesters are conducted by using a 
process corrtoining each plural esterrf ication reactors or 
ester interchanging reactors with polycondensation 
reactors. For example, It is performed that a monomer 



or an oligomer is formed by charging raw materials into 
the ester interchange reactor or the esterification reac- 
tor, then the formed material Is consecutively supplied 
into an initial polycondensation reactor for performing 
the reaction under a reduced pressure to produce a pol- 
ymer having a low molecular weight, and further the pol- 
ymer having a low molecular weight is supplied to a 
polycondensation reactor under a reduced pressure to 
obtain a polymer having a medium molecular weight 
and a polymer having a high molecular weight 
[0006] In this case, a diol component distilled out of 
the polycondensation reactor for the polyesters, is con- 
densed in a tube type heat exchanger or a wet type con- 
denser generally in view of an economical advantage,, 
and then recovered and reused as a part of the raw 
materials. Further, there are a method of recovering the 
diol component without a distillation and a method of 
recovering after the distillation in the recovery/reuse 
methods. 

[0007] Incidentally, in the case of the former method, 
since water and low boiling materials as byproducts are 
contained in a large amount in the diol component dis- 
tilled out of the polycondensation reactors, by using the 
diol component without the distillation, there are prob- 
lems such as an effect to the physical properties of the 
obtains polyester, an inhibition to the ester interchange 
reaction and/or polycondensation reaction by the effect 
of impurities, or developing a difficulty in performing a 
stable operation. Therefore, the method of reusing the 
30 diol component through a distillation process is prefera- 
ble to the method of recovering the diol component 
directly without the distillation. 

[0008] On the other hand, in the later process, since 
the low boiling substances can be removed by the ciistil- 
35 lation operation, the above problems in the former proc- 
ess can be solved. Here, a distillation column becomes 
necessary in the later process separately, but since the 
difference in boiling points of the produced low boiling 
substances and the diol component is large, no big cfis- 
40 filiation facility is necessary and for example it is desira- 
ble to use a distillation column attached to the 
esterification reactor or the ester exchange reactor 
simultaneously for the distillation of the diol component. 
[0009] Such a method for producing the polyesters 
45 and a device therefor, are effective in view of not requir- 
ing the installation of a new distillation device as an 
additional facility, and capable of reducing an opera- 
tional cost and simplifying the facilities. For example, as 
such a method, in JP-A 60-163918 (hereinafter, JPA 
so means "Japanese Unexamined Patent Publication"), a 
method for condensing a gas consisting mainly of ethyl- 
ene glycol generated from a polycondensation reactor 
by a wet type condenser, supplying the condensed liq- 
uid to a distillation column installed at an esterification 
ss reactor to remove low boiling point impurities and then 
returning the liquid to a slurry mixing tank in a continu- 
ous production method of a polyester, was disclosed. 
And also in JP-1 854847 (hereinafter JP means "Japa- 
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nese Patent"), a polymerization device in which the side 
of an inlet port of a sealing liquid for a liquid sealing type 
vacuum pump in the vacuum pump installed for making 
an initial polymerization vessel as a vacuum, is joined to 
a piping for an ethylene glycol circulation liquid used as 
a coolant for each of the condensers of polymerization 
vessels in the later stage, and another polymerization 
device in which the ethylene glycol is recovered by join- 
ing the side of an outlet port of the liquid sealing type 
vacuum pump with a distillation column attached to an 
esterification reactor or an ester interchange reactor, 
with a piping, are disclosed 

[0010] However, in the production of the polyesters, 
the diol component distilled out of the polycondensation 
reaction stage contains impurities such as monomers 
and/or oligomers (hereinafter "the monomers arid/or oli- 
gomers" are briefly called as "an adhering material"), 
etc., and in case that the adhering material is mingled in 
the vacuum system in the polycondensation reactor in 
accompanying with the diol component generated in the 
polycondensation stage, troubles are generated since 
they solidify at a low temperature. And if the diol compo- 
nent distilled out of the polycondensation reactor and 
recovered by a condenser is supplied to the distillation 
column as H is, the adhering material sticks and grows 
in the distillation column to reduce a separating effi- 
ciency in the distillation column, finally induce a trouble 
caused by a blocking and it becomes impossible to per- 
form a stable distillation operation. Further, a similar 
blocking phenomenon is induced in the piping for sup- 
plying the diol component to the distillation column. 
[001 1 ] As a counter measure to solve the above prob- 
lems, a method for removing the adhering material in 
advance by installing a cold trap can be cited, and by 
this method the adhering material can be discharged to 
the outside of the system. However, the amount of the 
adhering material discharged from the system 
increases in accordance with reinforcing a degree of a 
vacuum, a reaction temperature and an agitation of the 
reactants to increase the polymerization rate. The 
above increased amount is a serious problem in the ini- 
tial polycondensation stage. 

[001 2] Thus, in JP-763609, a cooling collection device 
for the distilled out material equipped with an interfering 
plate was proposed. Also, in JP-998614, a method for 
keeping a valve for controlling the degree of a vacuum 
or the valve and its vicinity at «120°C and discharging 
the escaping martial by f luidizing with a hot water, a hot 
glycol, a steam, a glycol vapor or their mixture, was pro- 
posed And further, in JP-A 49-126793, a polyconden- 
sation device having a jacket between the 
polycondensation reactor and the vacuum device and 
equipped with a foreign materia! removing device 
equipped with a baffle and a spraying nozzle for a wash- 
ing at the inside thereof, was proposed. And in JP- 
1092979, a method for bringing the distillate into contact 
with a collecting liquid consisting of diethylene glycol 
and/or triethylene glycol between the polycondensation 



reactor and the vacuum generating device, was pro- 
posed, 

[001 31 Also, in the case of installing a filter in the cold 
trap aiming at the removal of the adhering material. 

5 since an increase in pressure loss and a blocking are 
induced by getting a clogging of the filter, it is necessary 
to take the adhering material out of the system continu- 
ously. However; the adhering material taken out of the 
system becomes a great loss unless it is subjected to be 

10 reused, but since the adhering material collected by the 
cold trap sticks firmly to the filter, etc., it is difficult to . 
recover the material simply are! at a low cost, and to fur- 
nish for the reuse. 

[001 4] In consideration of the above issues, the object 
is of this invention is to eliminate troubles accompanying 
the blocking of the distillation column or the pipings 
caused by the adhering material and to enable the sta- 
ble distillation operation in the continuous production of 
the polyesters by melt-polymerizing a raw material con- 
20 sisting of an acid component consisting of dicarboxylic 
acids composed of mainly an aromatic dicaiboxylic acid 
and containing an alicyclic dicarboxylic acW or an 
aliphatic dicarboxylic acid, or the add component con- 
sisting of their ester-forming derivatives and a diol com- 
ponent And another object of this invention is to be able 
to recover the diol component without using a large- 
scaled distillation device, and to attain the reduction of 
operational expenses and the simplification of the facili- 
ties, and further to provide the method for the continu- 
ous production of the polyesters capable of reusing the 
separated/recovered adhering material as necessary. 

Disclosure of the Invention 

[001 5] This invention is a method for continuously pro- 
ducing a polyester by continuously melt-polymerizing a 
raw material consisting of a dicarboxylic acid compo- 
nent consisting of dicarboxylic adds composed of 
mainly an aromatic dicarboxylic acid and containing an 
alicydic dicarboxylic add or an aliphatic dicarboxylic 
add, or their ester-forming derivatives with a cfiol com- 
ponent characterized in that said diol component as a 
distillate in the polycondensation reaction, including an 
adhering material, is condensed, said adhering material 
is separated centrifugally, and then the residual diol 
component after distillation, is supplied to an esterifica- 
tion reaction or an ester interchange reaction. 
[00161 The most important characteristic of this inven- 
tion is to condense the diol component as the cfistillate 
containing the adhering material in the polycondensa- 
tion reaction and centrifugally separate the adhering 
material in the continuous production of the polyester by 
continuously melt-polymerizing the above acid compo- 
nent with the diol component by providing such a contin- 
uous production method of the polyester. Thus, it is 
possible to eliminate the adhering material bringing a 
blocking in the distillation column or the piping effec- 
tively and to enable the stable distillation operatioa And 
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also, since the residual dlol component is distilled after 
separating the adhering material centrifugaily and sup- 
plied to the ester ification reaction or the ester inter- 
change reaction, the diol component is recovered 
without using a large-scaled distillation device. And fur- s 
ther, since the separated adhering material not sticking 
to a filter, etc., is obtained without using a cold trap 
which is difficult to be reused due to th? sticking of the 
adhering material, the adhering material can be recov- 
ered and reused simply and at a low cost, and it is pos- 10 
stole to attain the reduction of operational expenses and 
the simplification of the facilities. 

Brief Explanation of Figure 

is 

[00171 

Figure 1 is a simplified process flow chart for sche- 
matically explaining the method of a continuous 
polymerization of the polyester to execute the 20 
present invention. 

The Best Form for Executing the Invention 

[0018} The form for executing the present invention is 2s 
explained as follows. 

[0019] As the "polyester" produced by the present 
invention, it is obtained by a reaction of dicarboxylic 
acids and/or their ester-forming derivatives with diols. 
As the dicarboxylic acids composed mainly of the aro 30 
matic dicarboxylic acid component and their ester-form- 
ing derivative, constituting the polyester for example, 
terephthalic acid, isophthalic acid, phthalic acid, 1,4- 
naphthalene dicarboxylic acid. 1,5-naphthalene dicar- 
boxylic acid, 2,6-naphthalene dicarboxylic acid. 2,7- 35 
naphthalene dicarboxylic acid and /or their lower alkyl 
esters (the carbon numbers of the alkyl group are usu- 
ally 1 -4). etc.. are cited. Further, as the ali cyclic dicarbo- 
xylic acid components or their ester-forming derivatives, 
for example cyclohexane dicarboxyiic acid, etc., are 40 
cited, and as the aliphatic dicarboxylic acid components 
or their ester-forming derivatives, adipic acid, sebasic 
acid, suberic acid, etc., are cited. As these dicarboxylic 
acid, preferably terephthalic acid. 2,6-naphthalene 
dicartxjxylic acid, isophthalic acid and/or their dimethyl- 45 
ester compounds are cited. Further, these aromatic 
dicarboxylic acid components, alicyciic dicarboxylic acid 
components and aliphatic dicarboxylic acid components 
can be used singly or two or more kinds simultaneously. 
[0020] Next as the diol components, ethylene glycol, so 
neopentyl glycol. 1,2-propane diol, 1,3-propane diol, 
1,3-butane diol, 1,4-butane diol, 1,5-pentane diol, 1,6- 
hexane diol, 1,2-cyclohexane diol. 1,2-cyclohexane 
dimethanol, 1 ,3-cydohexane dimethanol. 1 ,4-cyclohex- 
ane dimethanol, di ethylene glycol, Methylene glycol, a ss 
polyalkylene glycol, propylene glycol, eta, are cited, 
and preferably among them ethylene glycol, 1,4-butane 
diol and diethylene glycol are used as main compo- 



nents. Here, "main" means 50 mol % or more, prefera- 
bly 80 mol % or more based on the total diol component 
Further, these diol components can be used singly or 
two or more kinds simultaneously. 
[0021 ] As the polyester consisting of these dicarboxy- 
lic acids and diols, preferably polyethylene terephtha- 
late, potybutylene terephthalate, polyethylene 
naphtha! ate, polybutylene naphthalate and their copoiy- 
esters can be cited. 

[0022] Also, with the above polyester, a compound of 
a multiple functional compound having three or more 
functions such as trimelrtic acid, pyromelitic acid, glyc- 
erol, etc., or a mono functional compound such as ben- 
zoic acid, phenyl isocyanate, etc., can be 
copolymerized. 

[0023] The production of the polyester in the present 
invention can be performed either in the presence or 
absence of a catalyst and in the case of using the cata- 
lyst, a commonly known catalyst can be used. For 
example, an antimony compound, a manganese com- 
pound, a titanium compound, a tin compound, a zinc 
compound, a magnesium compound, a germanium 
compound, etc., are used. The position of supplying the 
catalyst or the method for supplying the catalyst are not 
specifically limited. And, as necessary, one or more 
kinds of commonly used thermoplastic resins, additives, 
inorganic fillers, organic fillers, etc., can be added as it 
is or with the diol component or can be mulled into the 
polyester at the discharging side of the final poly- 
condensation reactor directly by using a molding device, 
an extruder, a mixer, etc. Also, it is of course possfole 
that after the pelletization of the polyester, these materi- 
als can be mulled into the polyester by re-melting the 
pellets. As the other thermoplastic resins, a polyester- 
based resin, a polyamide-based resin, a polystyrene- 
based resin, a polycarbonate, a polyacetal, etc., are 
cited. Also, as the additives, commonly known materials 
such as an antioxidant, an antistatic agent, a flame 
retarding agent such as a brominated polycarbonate, a 
brominated epoxy compound, etc.. a flame retarding 
assistant such as antimony triaxide, antimony pentox- 
ide, etc., a plasticizer, a lubricant a releasing agent, a 
coloring agent, a crystal nucleating agent, etc.. are 
cited. As the inorganic fillers, a glass fiber, a talc, a 
mica, glass flakes, a carbon f toer, a silica, an alumina 
fber, a rrilled glass fiber, a day. a carbon black, a kaolin, 
metal oxides such as a titanium oxide, an iron oxide, an 
antimony oxide, an alumina, etc., alkali metal com- 
pounds such as a compound of sodium or potassium, 
etc.. are cited. As the organic filler, an aromatic polyes^ 
ter fiber, a liquid crystalline polyester fiber, etc., are 
cited. 

[Q024] Hereinafter, the form of the execution of the 
present invention is explained in detail in reference with 
the figure as follows. The figure 1 is shown as an exam- 
ple of the flow chart of the continuous production of the 
polyester for executing the present invention. 
[0025] In the chart, 1 is an esterif ication reactor or an 
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ester interchange reactor, 2 is a distillation column 
attached to the esterification reactor or ester inter- 
change reactor, and connected to the esterification 
reactor or ester interchange reactor 1 with a piping. 
Also, 3 shows an initial polycondensation reactor, 4 
shows a final polycondensation reactor, and 5 and 6 
show raw material supplying tubes. Further, 7, 10 and 
1 1 show exhaust tubes, 8 and 9 show gear pumps, 12 
and 13 show wet type condensers, 14 and 15 show cir- 
culation vessels for a circulating coolant 16 and 17 
show circulating pumps, 18, 19 and 27 show cooling 
devices, 20, 24 and 26 show supplying pipings, 22 
shows a centrifugal separating device, 21 shows a sup- 
plying pump for the centrifugal separating device, 23 
shows a discharging port for the adhering material, 25 
shows a returning piping installed as necessary and 28 
shows a reboiler. Further, the ester exchange reactor 1, 
and each of the reactors 3 and 4 have heating means 
for heating the reactors to desired temperatures (not 
shown in the chart). 

[0026] In the present executing example constituted 
as above, the case of producing polybutylene tereph- 
thalate by the ester interchange method is explained in 
detail. Dimethyl terephthalate as a raw material is sup- 
plied from the supplying tube 5. and 1 ,4-butanediol and 
titanium(IV) tetrabutaxide as a catalyst are supplied 
from the supplying tube 6. The molar ratio of 1 ,4-butane 
diol and dimethyl terephthalate is preferably 1.1-2.0 
range, especially 1.3-1.8. 

[0027] Also, the temperature in the ester interchange 
reactor is set at 160-200°C. and the raw materials sup- 
plied from the supplying tubes 5 and 6 are subjected to 
the ester interchange reaction under an atmospheric 
pressure. During the reaction, generated vapor as a 
secondary product consisting mainly of distilled metha- 
nol is led to the distillation column 2 through the exhaust 
tube 7. At that time, the reacted material is an oligomer 
having 2-6 of the degree of polymerization with the 
amount of distilled methanol of 80-95 % based on a the- 
oretical amount, and transported to the initial poly- 
condensation reactor 3 through a gear purrp 8. The 
polycondensation reaction is performed in the poly- 
condensation reactor 3. then the content of the reactor 
is transported to the polycondensation reactor 4 and the 
final polycondensation reaction is performed in the poly- 
condensation reactor 4. 

[0028] Here, the numbers and forms of the ester inter- 
change reactors and the polycondensation reactors are 
not particularly limited, the most suitable ones can be 
used optionally as necessary. For example, in order to 
improve a reaction rate, an inert gas such as N 2 or Ar is 
blown into the reactor. In that case, an effect of separat- 
ing the accompanying adhering material with the inert 
gas is also effected by using the method of the present 
invention. 

[0029] Also, the conditions of the temperature and the 
pressure in each of the reactors 3 and 4 are controlled 
at a temperature of 230-255°C and under a degree of 



vacuum of 10-100 Torr in the initial polycondensation 
reactor 3 , and at a temperature of 230-255°C and 
under a degree of vacuum of 1 -5 Torr in the final poly- 
condensation reactor 4.. Thus, finally obtained poly- 
5 butyfene terephthalate is taken out by the gear pump 9. 
And the polymer is pelletized by a granulating process, 
etc. 

[0030] Further, each vapor consisting mainly of 1 ,4- 
butane diol as a main component and generated from 

10 the initial polycondensation reactor 3 and the f inal poly- 
condensation reactor 4 is condensed in wet type con- 
densers 12 and 13 by using the 1,4-butane diol as a 
circulation liquid through exhaust tubes 10 and 1 1 , and 
forwarded to the 1,4-butane diol circulation vessels 14 

is and 15 respectively. Further, the generated vapor con- 
sisting mainly of 1,4-butane diol also contains impurities 
such as methanol, tetrahydrofuran, water, the adhering 
material, etc. Also, the 1,4-butane diofs as the circula- 
tion liquid of the wet type condensers 12 and 13. are 

20 each circulated by the pumps 16 and 1 7. and in each of 
the circulation systems, cooling devices 18 and 19 are 
provided respectively. 

[0031] Also, fresh 1,4-butane diol is supplied to the 
1 ,4-butane diol circulating vessel 15 through the supply- 

25 ing pipe 20 as necessary. The 1,4-butane diol circula- 
tion vessels 14 and 15 are connected each other by a 
piping, and the 1,4-butane diol containing the impurities 
is transported from the circulation vessel 1 5 to the circu- 
lation vessel 14 by an overflow. At that time, a part of the 

30 adhering material can be captured in the circulating ves- 
sels, but it is difficult to collect it sufficiently. However, in 
the case of not sufficiently collect the adhering material, 
the adhering material contained in the diol component 
consisting mainly of 1,4-butane diol generated in the 

35 polycondensation stage, induces the serious problems 
of blocking phenomena in the supplying tubes 26 and 
the distillation column 2 as previously described. 
[0032] In order to solve the above problems, as a very 
important characteristic in the present invention, the 

40 1 ,4-butane diol containing impurities is supplied into the 
centrifugal separating device 22 from the circulation 
vessel 14 by the pump 21. and the adhering material is 
sufficiently removed. 

[0033] Further, the type of the centrifugal separating 
45 device 22 is not specifically limited, but a decanter type 
centrifugal settling device, a separating plate type cen- 
trifugal settling device, etc., are suitable, and suitable 
centrifugal conditions are selected in a range so far as a 
preferable collection efficiency can be obtained. Also, 
so as to the installing position of the centrifugal separating 
device 22, it may be installed in a previous stage for 
supplying to the distillation column 2, or at the discharg- 
ing side of the circulating pumps 17 and 21 for eliminat- 
ing the troubles of blocking of the spray nozzle of the 
55 wet type condenser with the adhering material and 
yielding an advantage of performing a stable operation. 
Further, during the centrifugal separating operation, in 
the case of having a fear of involving air bubbles into the 
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1.4-butane diol from which the adhering material is 
removed, tt is possible to fill the inside of the centrifugal 
separating device 22 with an inert gas such as N 2 or Ar, 
or to keep the space under a reduced pressure. 
[0034] Further, a discharging port 23 for the adhering 
material is provided in the centrifugal separating device 
22. and a fresh 1 ,4-butane diol is supplied from the sup- 
plying piping 24 and discharged from the centrifugal 
separating device 22 accompanying the separated 
adhering material. At this stage, the adhering material 
can be returned to the polycondensation reactor 
through a returning piping 25 together with 1,4-butane 
diol. and it is expected to have a wide improvement in 
the yield of the polymer. Further, it is preferable to heat 
the adhering material and/or 1 ,4-butane diol up to a pre- 
served temperature in advance, before returning them 
to the polycondensation reactor. 
[0035] As described above, the residual 1,4-butane 
diol from which the adhering material is removed, is 
supplied to the distillation column 2 attached to the ester 
interchange reactor 1 through the supplying piping 26 
and distilled. Further, the distillation column 2 simulta- 
neously distills the vapor as the secondary product con- 
sisting of methanol as a main component and 
introduced from the ester interchange reactor 1 and the 
1,4-butane diol from which the adhering material is 
removed. The temperature at the top part of the distilla- 
tion column 2 is controlled by a refluxing amount by the 
cooling device 27, and the temperature at the bottom is 
controlled by the reboiler 28. And from the top part a 
vapor consisting of methanol as a main component, and 
containing tetrahydrofuran and water is distilled and 
condensed by the cooling device 27. And from the bot- 
tom part thereof, a did component consisting of 1,4- 
butane diol as a main component is recovered and 
reused at least as a part of the did component as the 
starting raw material. 

[0036] By using the method in the present invention, it 
is possible to prevent the system from troubles such as 
a blocking of the distillation column 2 caused by the 
adhering material contained in the did component con- 
sisting of 1.4-butane diol as the main component and 
generated at the polycondensation reaction. 
[0037] Next, examples of the present invention are 
explained concretely by using the process flow chart of 
the production of the polyester by the continuous polym- 
erization shown in the figure 1 . 

Example 1 

[0038] A polybutylene terephthalate oligomer at 90 % 
ester interchange rate was obtained by continuously 
supplying 103 kg/hr of dimethyl terephthalate, 76 kg/hr 
of 1 ,4-butane did and 0.09 kg/hr of titanium(IV) tetrabu- 
toxtde into an ester interchange reactor and performing 
the ester interchange reaction at a temperature of 165- 
190°C under an atmospheric pressure. 
[0039] Next, the obtained oligomer was continuously 



supplied into an initial polycondensation reactor 3 
through a pump 8 for performing a polycondensation 
reaction at a temperature of 240°C and under a degree 
of vacuum of 35 Tort Then, the obtained low molecular 

5 weight polymer was continuously supplied into a final 
pd /condensation reactor 4 for performing the pdy- 
condensation reaction at a temperature of 240-248°C 
and under a degree of vacuum of 1 .5 Tbrr. And then, the 
obtained polybutylene terephthalate polymer was taken 

10 out by a gear pump 9 and pelletizeri by a granulating 
process. 

[0040] Further, each generated vapor as a secondary 
product consisting of 1,4-butane diol as the main com- 
ponent from the initial polycondensation reactor 3 and 

is the final polycondensation reactor 4 was accompanied 
by an adhering material, but condensed mostly in wet 
type condensers 12 and 13 using the 1,4-butane did as 
a circulation liquid through exhaust tubes 10 and 11, 
and transported into 1,4-butane diol circulation vessels 

20 14 and 15 respectively. 

[0041 ] In this case, a fresh 1 ,4-butane diol was sup- 
plied to the 1,4-butane diol circulation vessel 15 from a 
supplying tube 20. Since the 1 ,4-butane did circulation 
vessels 14 and 15 are connected by a piping , the 1,4- 

25 butane diol containing the adhering material was trans- 
ported from the drculation vessel 15 to the circulation 
vessd 1 4 by an overflow, 

[0042] Further, the 1 ,4-butane did containing 4 wt % 
concentration of the adhering material was supplied 

30 continuously into a decanter type centrifugal separating 
device 22 at a rate of 45 kg/hr from the circulation vessel 
1 4 by a pump 21 , and 99.5 wt % of the adhering mate- 
rial contained in the 1,4-butane did is separated at 
800G centrifugal force. 

35 [0043] Further, in the centrifugal separating device 22, 
a discharging port 23 for the adhering material was pro- 
vided and the adhering material was discharged to the 
out of the system. Also, the residual 1.4-butane diol 
from which the adhering material has been separated, 

40 was supplied to a distillation column 2 attached to the 
ester interchange reactor 1 through the supplying piping 
26. The temperature at the top part of the distillation col- 
umn 2 was 101°C and the bottom temperature thereof 
was controlled at 190°C by a reboiler 28. Rom the top 

45 part, a vapor consisting of methanol as a main compo- 
nent and containing tetrahydrofuran and water was dis- 
tilled and condensed for liquefying by a cooling device 
27 and discharged to the outside of the system. Also, 
from the bottom part, 1 ,4-butane diol containing a small 

so amount of water was recovered and reused as a part of 
the starting raw material. 

[0044] By the example described above, a trouble 
based on the blocking caused by the sticking of the 
adhering material to the distillation column and pipings 
55 did not happen entirely and it was possible to perform 
the operation stably. 
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Example 2 

[0045] Fresh 1 ,4-butane diol was supplied at a rate of 
10 kg/hr from a supplying tube 24. and separated 
adhering material is discharged together with the fresh s 
1,4-butane did from the discharging port 23 for the 
adhering material from the centrifugal separating device 
22. And the production of the polybutylene terephtha- 
late was carried out under similar conditions with those 
of the example 1 except for returning the above adher- 10 
ing material to the initial polycondensation reactor 3 
through a returning piping 25 having a heating means. 
As a result, it was possible to operate stably without 
developing a trouble based on the blocking caused by 
the sticking of the adhering material to the distillation 15 
column and the pipings. Also, since the adhering mate- 
rial was reused without being discarded, it was possible 
to exhibit a large effect for improving the yield of the pol- 
ymer by preventing a loss. 

20 

Comparative example 1 

[0046] For the sake of a comparison, the production of 
the polybutylene phthalate was performed under the 
similar conditions with those of the example 1 except for 25 
not performing the centrifugal separation of the adher- 
ing material, then the adhering material such as a mon- 
omer, an oligomer, etc., piles up in the distillation 
column to induce the elevation of an inner pressure in 
the distillation column and the stable operation could 30 
not be performed. 

Example 3 

[0047] A polyethylene terephthalate oligomer at 95% 3s 
esterification rate was obtained by continuously supply- 
ing 80 kg/hr of terephthalic acid and 60 kg/hr of ethylene 
glycol into an esterification reactor 1 after preparing 
them as a slurry and performing the esterification reac- 
tion at a temperature of 285°C under an atmospheric 40 
pressure. Next, the obtained oligomer was continuously 
supplied into the initial polycondensation reactor 3 
through the pump 8 after adding antimony triaxide for 
performing a polycondensation reaction at a tempera- 
ture of 285°C and under a degree of vacuum of 20 Torr 45 
to obtain a low molecular weight polyethylene tereph- 
thalata Then, the obtained low molecular weight poly- 
mer was continuously supplied into the final 
polycondensation reactor 4 for performing the poly- 
condensation reaction at a temperature of 285-293°C so 
and under a degree of vacuum of 1 .5 Torr. And then, the 
obtained polyethylene terephthalate polymer was 
directly transported by the gear pump 9 to a spinning 
process and spun. 

[0048] Further, each generated vapor as a secondary ss 
Product consisting of ethylene glycol as a main compo- 
nent from the initial polycondensation reactor 3 and the 
final polycondensation reactor 4 accompanied the 



adhering material, but condensed mostly in the wet type 
condenser 12 and 13 using ethylene glycol as the circu- 
lation liquid through the exhaust tubes 10 and 1 1 and 
transported into the ethylene glycol circulation vessels 
14 and 15 respectively. In this case, a fresh ethylene 
glycol was supplied to the circulation vessel 15 from the 
supplying tube 20. Since the ethylene glycol circulation 
vessels 14 and .15 were connected by the piping, the 
ethylene glycol containing the adhering material was 
transported from the circulation vessel 15 to the circula- 
tion vessel 14 by the overflow. Further, the ethylene gly- 
col containing 2 wt % concentration of the adhering 
material was supplied into the separating plate type 
centrifugal separating device 22 at a rate of 25 kg/hr 
from the circulation vessel 14 by the pump 21 , and 99.8 
wt % of the adhering material contained in the ethylene 
glycol was separated at 1000Q centrifugal force. Fur- 
ther, in the centrifugal separating device 22, the dis- 
charging port 23 for the adhering material was provided 
and the adhering material was discharged to the out of 
the system. Also, the residual ethylene glycol from 
which the adhering material has been separated, was 
supplied to the distillation column 2 attached to the 
esterification reactor 1 through the supplying piping 26. 
The temperature at the top part of the distillation column 
2 was 103°C, and the bottom temperature was control- 
led at 197°C by the reboiler 28. Rom the top part, a 
vapor consisting of water as a main component was dis- 
tilled and condensed for liquefying by the cooling device 
27. and discharged to the outside of the system. Also, 
from the bottom part , ethylene glycol containing a small 
amount of water was recovered and reused as a part of 
the starting raw material. 

[0049] By the example described above, a trouble 
based on the blocking caused by the sticking of the 
adhering material to the distillation column and pipings 
did not happen entirely and it was possfole to perform 
the operation stably. 

Example 4 

[0050] Fresh ethylene glycol was supplied at a rate of 
10 kg/hr from the supplying tube 24, and separated 
adhering material is discharged together with the fresh 
ethylene glycol from the discharging port 23 for the 
adhering material from the centrifugal separating device 
22, And the production of the polyethytlene terephtha- 
late was carried out under similar conditions with those 
of the example 3 except for returning the above adher- 
ing material to the initial polycondensation reactor 3 
through a returning piping 25 having a heating means. 
As a result it was possible to operate the distillation sta- 
bly without developing a trouble based on the blocking 
caused by the sticking of the adhering material to the 
distillation column and the pipings. Also, since the 
adhering material was reused without being discarded, 
it was possible to exhibit a large effect for improving the 
yield of the polymer by preventing a loss. 
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Comparative example 2 

[0051 ] For the sake of a comparison, the production of 
the polyethylene terephthaiate was performed under the 
similar conditions with those of the example 3 except for 
not performing the centrifugal separation of the adher- 
ing material, then the adhering material such as a mon- 
omer, an oligomer, etc., piles up in the distillation 
column to induce the elevation of an inner pressure in 
the distillation column and the stable operation could 
not be performed. 

Examples 

[0052] A polyethylene naphthalate oligomer at 99.5 % 
ester exchange rate was obtained by continuously sup- 
plying 100 kg/hr of 2,6-naphthaiene dicarbaxylic acid 
and 51 kg/hr of ethylene glycol into the ester inter- 
change reactor 1 and performing the ester interchange 
reaction at a temperature of 160-250°C under an 
atmospheric pressure by using 0.03 kg/hr of manga- 
nese acetate tetrahydrate salt as an ester interchange 
catalyst, and then adding trimethyl phosphate. Next, the 
obtained oligomer was continuously supplied into the 
initial polycondensation reactor 3 through the pump 8 
after adding antimony trioxide for performing a poly- 
condensation reaction at a temperature of 280°C and 
under a degree of vacuum of 50 Torr to obtain a low 
molecular weight polyethylene naphthalate. Then, the 
obtained lew molecular weight polymer was continu- 
ously supplied into the final polycondensation reactor 4 
for performing the polycondensation reaction at a tem- 
perature of 280-290°C and under a degree of vacuum of 
1.5 Torr. And then, the obtained polyethylene naphtha- 
late polymer was taken out by the gear pump 9 , pel- 
letized in the granulating process, and then highly 
polymerized by a solid phase polymerization process. 
Further, each generated vapor as a secondary product 
consisting of ethylene glycol as a main component from 
the initial polycondensation reactor 3 and the final poly- 
condensation reactor 4 accompanied the adhering 
material, but condensed mostly in the wet type con- 
denser 12 arid 13 using ethylene glycol as the circula- 
tion liquid through exhaust tubes 10 and 11 and 
transported into the ethylene glycol circulation vessels 
14 and 15 respectively. In this case, a fresh ethylene 
glycol was supplied to the circulation vessel 1 5 from the 
supplying tube 20. Since the ethylene glycol circulation 
vessels 14 and 15 were connected by the piping, the 
ethylene glycol containing the adhering material was 
transported from the circulation vessel 15 to the circula- 
tion vessel 1 4 by the overflow. Further, the ethylene gly- 
col containing 1.5 wt % concentration of the adhering 
material in the ethylene glycol was supplied into the 
decanter type centrifugal separating device 22 at a rate 
of 50 kg/hr from the circulation vessel 14 by the pump 
21 , and 99.5 wt % of the adhering material contained in 
the ethylene glycol was separated at 700G centrifugal 



force. Further, in the centrifugal separating device 22, 
the discharging port 23 for the adhering material was 
provided and the adhering material was discharged to 
the out of the system. Also, the residual ethylene glycol 

5 from which the adhering material has been separated, 
was supplied to the distillation column 2 attached to the 
ester interchange reactor 1 through the supplying piping 
26. The temperature at the top part of the distillation col- 
umn 2 was 101 °C, and the bottom temperature thereof 

10 was controlled at 1 97°C by the reboiler 28. From the top 
part, a vapor consisting of water as a main component 
was distilled and condensed for liquefying by the cooling 
device 27, and discharged to the outside of the system. 
Also, from the bottom part, ethylene glycol containing a 

is small amount of water was recovered and reused as a 
part of the starting raw material. 
[0053] By the example described above, a trouble 
based on the blocking caused by the sticking of the 
adhering material to the distillation column and pipings 

20 did not happen entirely and it was possible to perform 
the operation stably. 

Example 6 

2s [0054] The residual ethylene glycol from which the 
adhering material has been separated, was supplied to 
a continuous distillation column (not shown in the chart) 
installed separately instead of the distillation column 2 
attached to the ester interchange reactor 1 . The temper- 
so ature at the top part of the distillation column was 
101 °C. and the bottom temperature thereof was control- 
led at 197°C by the reboiler. Rom the top part, a vapor 
consisting of water as a main component was distilled 
and condensed for liquefying by the cooling device, and 
35 discharged to the outside of the system. Also, from the 
bottom part, ethylene glycol containing a small amount 
of water was recovered and reused as a part of the 
starting raw material. The production of the polyethyl- 
ene naphthalate was conducted under the similar condi- 
40 tions to those of in the example 5, then a trouble based 
on the blocking caused by the sticking of the adhering 
material to the distillation column and pipings did not 
happen entirely and it was possfole to perform the oper- 
ation stably. 

45 

Example 7 

[0055] Fresh ethylene glycol was supplied at a rate of 
10 k^/hr from the supplying tube 24, and separated 

so adhering material is discharged together with the fresh 
ethylene glycol from the discharging port 23 for the 
adhering material from the centrifugal separating device 
22. And the production of the polyethylene naphthalate 
was carried out under the similar conditions with those 

55 of the example 5 except for returning the above adher- 
ing material to the initial polycondensation reactor 3 
through a returning piping 25 having a heating means, 
then, h was possible to operate stably without develop- 
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ing a trouble based on the blocking caused by the stick- 
ing of the adhering material to the distillation column 
and the pipings. Also, since the adhering material was 
reused without being discarded, it was possible to 
exhibit a large effect for improving the yield of the poly- 
mer by preventing a loss. 

Comparative Example 3 

[0056] For the sake of a comparison, the production of 
the polyethylene naphthalate was performed under the 
similar conditions with those of the example 5 except for 
not performing the centrifugal separation of the adher- 
ing material, then the adhering material such as a mon- 
omer, an oligomer, etc., piles up in the distillation 
column to induce the elevation of an inner pressure in 
the distillation column and the stable operation could 
not be performed. 

Effects of the Invention 

[0057] This invention enables a stable production of a 
polyester by supplying a diol component distilled out by 
a polycondensation reaction to a centrifugal separating 
device in a state of containing an adhering material and 
separating the adhering material in the previous stage 
of supplying the diol component to a distillation column 
to eliminate the blocking of the distillation column 
caused by the adhering material. Thus, the diol oompo- 
nent from which the adhering material has been 
removed, can be recovered by not performing a com- 
plex distillation operation, and also the removed adher- 
ing material can be recovered easily and at a low cost , 
and reused Therefore, this invention has an extremely 
large effect in attaining the reductions of operating 
expenses and raw material costs and the simplification 
of facilities in the method for producing the polyester by 
the continuous melt polymerization. 

Claims 

1 . A method for continuously producing a polyester by 
continuously melt-polymerizing a raw material con- 
sisting of a dicarboxylic acid component composed 
of mainly an aromatic dicarboxylic acid and contain- 
ing an alicyclic dicarboxylic acid or an aliphatic 
dicarboxylic acid, or their ester-forming derivatives 
with a diol component, characterized in that said 
diol component as a distillate in the polycondensa- 
tion reaction, inclucfing an adhering material, is con- 
densed, said adhering material is separated 
centrifugally, and then the residual diol component 
after distillation, is supplied to an esterrfication 
reaction or an ester interchange reaction. 

2. A method for continuously producing the polyester 
described in the claim 1, wherein the did compo- 
nent is any of the ethylene glycol, 1 ,4-butane diol or 



diethylene glycol. 

3. A method for continuously producing the polyester 
described in the claim 1, wherein the centrifugal 

5 separating device is either a decanter type centrifu- 
gal settling machine or a separating plate type cen- 
trifugal settling machine. 

4. A method for continuously producing the polyester 
10 described in any of the claim 1 to 3, wherein the 

residual diol component is supplied to a distillation 
column attached to an esterrfication reactor or an 
ester interchange reactor for distillation thereof.. 



75 5. A method for continuously producing the polyester 
described in any of the claim 1 to 3, wherein the 
separated and recovered adhering material by the 
centrifugal separating device is supplied to the 
polycondensation reaction. 

20 
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